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(54) Raman amplifier 

(57) Multi-wavelength light, including a plurality of 
segments of light signal with a different wavelength 
each, is inputted into a Raman amplification fiber (1). 
Pumping light generated by a pumping light source (2) 
is supplied to the Raman amplification fiber (1) in the 
opposite direction of the transmission direction of the 
multi-wavelength light. An auxiliary light source (13) 



generates auxiliary light. An auxiliary light control circuit 
(1 4) adjusts the optical power of the auxiliary light with 
a prescribed response time, based on the change in in- 
put power of the multi-wavelength light. The auxiliary 
light is supplied to the Raman amplification fiber (1) in 
the same direction as the transmission direction of the 
multi-wavelength light. 



SIGNAL 

LIGHT 



CM 
< 

O 
00 
CM 

in 

00 
CO 

QL 
LU 




AUPLIFIED 
SIGNAL LIGHT 
> 



AUXILIARY LIGHT 
CONTROL CIRCUIT 



14 



F I G. 5 



Printed by Jouve. 75001 PARIS (FR) 



BNSOOCIO: <EP 



1 



EP 1 385 280 A2 



2 



Description 

Background of the Invention 
Field of the Invention 

[0001] The present invention relates to a Raman op- 
tica! amplifier, and in particular, relates to a feed fonward 
control type Raman optical amplifier. 

Descriptiort of the Related Art 

[0002] Recently, in trunk optical transmission sys- 
tems, a large-capacity transmission system adopting a 
wavelength division multiplex (WDM) transmission 
technology has become widespread. A Raman optical 
amplifier is one of the key devices that support such a 
large-capacity WDM transmission system. 
[0003] Fig. 1 shows the basic configuration of a gen- 
eral Raman optical amplifier. In Fig. 1, a backward 
pumping type Raman optical amplifier in which pumping 
light is supplied in the direction the reverse of the trans- 
mission direction of signal light is shown. 
[0004] A Raman amplification fiber 1 amplifies input 
L signal light using pumping light generated by a pump- 
ing light source 2. This input light is multi-wavelength 
light or WDM light obtained by multiplexing a plurality of 
segments of signal light with a different wavelength 
each. For the pumping light source (LD) 2, a laser diode 
and the like is used, and the pumping light source 2 gen- 
erates pumping light with a wavelength shorterthan that 
otthesignal light. A WDM couplers is an optical device 
for multiplexing the signal light and the pumping light 
generated by the pumping light source 2. and guides the 
pumping light to the Raman amplification fiber 1. Then, 
the signal light inputted through the Input port is ampli- 
fied by the Raman amplification fiber 1 and is guided to 
an output port through the WDM coupler 3. 
[0005] The operation area of the Raman optical am- 
plifier is mainly the gain-unsatu rated area, while gener- 
ally the operation area of an erbium-doped fiber ampli- 
fier (EDFA), which is the most popular In today's optical 
transmission systems spreads across the gain-unsatu- 
rated area and gain -saturated area. In the gain-unsatu- 
rated area, If pumping light power is constant, gain Is 
always constant even jf the input level of signal light 
changes. However, in the gain -saturated area, even if 
pumping light power is constant, gain varies with the in- 
put level of signal light. On the other hand, recently, with 
the advent of a broader-band and higher-power optical 
communication system, the extension of the operation 
area (change range of the input level of signal light) has 
been demanded. As a result, the use of the gain-satu- 
rated area in a Raman optical amplifier has been pro- 
moted. 

[0006] If a plurality of segments of signal light is Input- 
ted and the total power of the plurality of segments of 
signal light in the Raman amplification fiber 1 becomes 



sufficiently high or the band of the signal light becomes 
broader, power tilt (or power deviation) increases and 
becomes no more negligible due to inter-slgnal-light Ra- 
man effect (inter-signal-light Raman scattering). Here, 
5 "Inter-signal-light Raman effect" is a phenomenon in 
which signal light with a longer wavelength is amplified 
by signal light with a shorter wavelength. In this case, 
signal light with a shorter wavelength works as pumping 
light for signal light with a longer wavelength. Power tilt 
10 means that the output level of each segment of signal 
light is not flat against wavelength. 
[0007] In this case, if a Raman optical amplifier is used 
in a gain-saturated area or the optical power of input 
signal light Is high, the output power of the signal light 
IS varies as the input power of muItl-wavelength light fluc- 
tuates due to the increase/decrease of the number of 
wavelengths to be multiplexed, even If pumping power 
is constant. Therefore, In a transmission system pre- 
suming that the number of wavelength (or number of 
^0 channels) increases or decreases during operation, (' 
there is the possibility that transmission quality (S/N,' 
etc.) temporarily degrades when the number of wave- 
lengths increases /decreases, unless such gain fluctu- 
^ ations are taken Into consideration as design margin or 
?5 measures are taken to cope with such gain fluctuations 
in designing. 

[0008] Pumping light is usually supplied backward to 
the Raman amplification fiber 1 in orderto avoid the deg- 
radation of transmission quality due to the polarization- 

^0 dependence of the gain of signal light, pumping light 
noise transfer to a signal, cross gain modulation be- 
tween signals through pumping light and the like. How- ' 
ever, in the amplifying operation by backward pumping, 
there is a transient response characteristic, which de- 

» pends on the length of the Raman amplification fiber 1 , 
unlike in the case of forward pumping. 
[0009] Figs. 2A and 2B show the output power re- 
sponse waveforms of a Raman optical amplifier. In Figs. 
2A and 2B, the output power of other channels obtained 

0 when a prescribed channel of multi -wavelength light in ( 
which a plurality of signal channels with a different wave- 
length each Is added/deleted (or stop) being used. It is 
assumed that a channel that is added/deleted is called 
"ON/OFF channel", and the other channels are called 

5 "remaining channels". It Is also assumed that pumping 
power Is constant. Furthermore, It is assumed that this 
Raman optical amplifier is used in a gain-saturated area. 
[0010] If an ON/OFF channel Is deleted when a Ra- 
man optical amplifier Is used in the gain-saturated area, 

^ the saturation level becomes low and the gain becomes 
high. Therefore, the output power of the remaining chan- 
nels increases. In Figs. 2A and2B, an ON/OFF channel 
is deleted at time T=50 p.s. 

[0011] In the case of backward pumping, as shown in 
^ Fig. 2A, the fluctuations in output power of the remaining 
channels that are caused due to the addition/deletion 
(or the stoppage) of use of the ON/OFF channel takes 
a prescribed response time. This response time de- 
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pends on the length of the Raman annplification fiber 1 
and is approximately twice as long as the fiber propa- 
gation time of signal light or pumping light. However, as 
shown in Fig. 2B, in the case of fonward pumping, the 
output power of the remaining channels fluctuates in a 
very short time. 

[0012] Figs. 3A and SB show the output power re- 
sponse wavefonns of a Raman optical amplifier ob- 
tained when inter-signal-light Raman effect occurs. In 
Figs. 3A and 38, the fluctuations in output power of the 
remaining channels that are caused when an ON/OFF 
channel is added are shown. Here, it is assumed that 
pumping power is constant. 

[0013] In this case, if an ON/OFF channel is added, 
the output power of the remaining channels varies by 
two steps of fluctuation speed. Here, the wavefomn of 
the output power of the remaining channels varies de- 
pending on the wavelength of the ON/OFF channel to 
be added. For example, if the wavelength of the ON/ 
OFF channel is shorter than that of the remaining chan- 
nels, as shown in Fig. 3A, the output power of the re- 
maining channels increases rapidly and then varies with 
a prescribed response time, when that ON/OFF channel 
is added. However, if the wavelength of the ON/OFF 
channel is longer than that of the remaining channels, 
as shown in Fig. 38, the output power of the remaining 
channels falls rapidly and then varies with a prescribed 
response time, when that ON/OFF channel is added. 
Similarly, the output power of the remaining channels 
varies by two steps of fluctuation speed, when an ON/ 
OFF channel is deleted. 

[00.14] As described above, in a WDM transmission 
system assuming that the number of channels is 
changed during operation, the optical level of the re- 
maining channels fluctuates every time a channel is 
added/deleted. Furthermore, if the wavelength of a 
channel to be added/deleted is different, the optical 
power of the remaining channels varies depending on 
the wavelength. For this reason. In such a transmission 
system, it is not easy to manage the transmission char- 
acteristic of signal light. 

[001 5] As a method for solving the problem described 
above, a method of maintaining the gain of a Raman 
optical amplifier constant by dynamically controlling 
pumping light Is known. 

[0016] Fig. 4 shows the configuration of a Raman op- 
tical amplifier with a function to dynamically control 
pumping light. In this configuration, the Raman amplifier 
fiber 1 , the pumping light source 2 and the WDM coupler 
3 has been already described in Fig. 1 . 
[0017] An optical coupler 4 splits part of the signal 
light amplified by the Raman amplification fiber 1 and 
guides it to a photo- receiving device (PD : Photo Diode) 
5. The photo-receiving device 5, which can be realized 
by a photo diode or the like, generates an electrical sig- 
. nal indicating the optical power of the signal light split 
by the optical coupler 4. A control circuit 6 monitors the 
optical power of signal light that is amplified by the Ra- 



man amplification fiber 1 based on the output of the pho- 
to-receiving device 5. Then, the control circuit 6 controls 
the output power of the pumping light source 2 in such 
a way that the output power of the signal light may be 

5 maintained constant. 

[0018] As described above, in the Raman optical am- 
plifier shown in Fig. 4 maintains the output power of sig- 
nal light constant by performing feedback control using 
information indicating optical output power as a feed- 

10 back signal. However, there is a limit to the improvement 
in speed of a feedback system. Therefore, the Raman 
optical amplifier shown In Fig. 4 has also the following 
problems. 
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(1) If an ON/OFF channel is added/deleted in a sit- 
uation where Raman amplification between signal 
lights Is not negligible, as shown in Figs. 3A and 38, 
the output power of the remaining channels prompt- 
ly varies. Therefore, control by a feedback system 
cannot catch up with the variation. Thus, it is prac- 
tically impossible to suppress the level fluctuations 
of the remaining channels due to Raman amplifica- 
tion between signal lights by feedback control. 

(2) As described in Figs. 2A and 28, the output re- 
sponse characteristic of a backward pumping type 
Raman optical amplifier depends on the length of a 
Raman amplifier fiber. For this reason, the improve- 
ment in speed of the feedback system may disturb 
the control (there Is oscillation, etc.) due to the set- 
ting en-or of a time constant, if flexibility in the design 
of the feedback system (gain, response time, etc.) 
is attempted taking a replace of a Raman amplifica- 
tion fiber with another into consideration. 

(3) If a plurality of pieces of pumping light with a dif- 
ferent wavelength each is supplied, high-speed 
feedback control must be performed taking into 
consideration the power balance between the plu- 
rality of pieces of pumping fight. Therefore, a com- 
plex control algorithm is needed. 

(4) Since Raman effective length is pretty long, an 
amplification response time is subject to a fiber 
propagation time. In particular, in the case of for- 
ward pumping, there is a control delay due to the 
propagation time. 



[001 9] As described above, In the conventional Ram- 
an optical amplifier, if the number of the wavelengths of 
multi-wavelength light changes when the multi-wave- 
length light is amplified, it is difficult to suppress the fluc- 

50 tuations in optical level of each segment of signal light 
included in the multi-wavelength light. In particular, 
when a Raman optical amplifier is used in gain-saturat- 
ed area or when Raman amplification induced power tilt 
Is not negligible between signal lights, it is very difficult 

55 to suppress the fluctuations. 
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Summary of the Invention 

[0020] It is an object of the present invention to realize 
a Raman optical amplifier suppressing the fluctuations 
in optical level of each segment of signal light included 5 
in multi-wavelength light to be amplified, even when the 
number of wavelengths of the multi-wavelength light 
changes. 

[0021] A Raman optical amplifier according to the 
present invention comprises an optical amplification io 
medium into which multi-wavelength light is inputted, a 
pumping light source supplying pumping light to the op- 
tical amplification medium, an auxiliary light source gen- 
erating auxiliary light with a shorter wavelength than a 
center wavelength of the multl-wavelength light, an op- 15 
tical device guiding the auxiliary light to the optical am- 
plification medium In the same direction as that of the 
multi-wavelength light and an auxiliary light controller 
controlling the optical power of the auxiliary light based 
on the input power of the multi-wavelength light. 20 
[0022] When the input power of multi-wavelength light 
changes, the gain of the optical amplification medium 
varies depending on the operation state of the Raman 
optical amplifier and accordingly the output power var- 
ies. Therefore, the Raman optical amplifier of the 25 
present invention is provided with an auxiliary light 
source supplying auxiliary light to the optical amplifica- 
tion medium. In this case, by controlling the optica! pow- 
er of the auxiliary light based on the input power of multi- 
wavelength light, the gain of the optical amplification 30 
medium can be prevented from changing. Therefore, 
even when the Input power of multi -wavelength light 
changes, the fluctuations of the output power is sup- 
pressed. 

[0023] In particular, in the case of backward pumping, 35 
after the input power of multi-wavelength light has 
changed, the output power varies with a prescribed re- 
sponse time corresponding to the propagation tinrie of a 
signal in the optical amplification medium. Therefore, by 
controlling the optical power of auxiliary light in such a 40 
way as to change with a prescribed response time cor- 
responding to the signal propagation time of the optical 
amplification medium, the fluctuations of the optical out- 
put power can be appropriately suppressed. In this 
case, for example, if the Input power of the multi-wave- 45 
length light changes from the first Input level to the sec- 
ond input level, the auxiliary light controller may make 
the optical power of the auxiliary light change with a re- 
sponse time that is detemriined based on the propaga- 
tion time of the multi -wavelength light or the pumping so 
light in the optical amplification medium, from the first 
steady state corresponding to the first input level to the 
second steady state corresponding to the second input 
level. 

[0024] The Raman optical amplifier in another aspect ss 
of the present invention further comprises a detector de- 
tecting the wavelength arrangement of a plurality of seg- 
ments of signal light Included in the multi-wavelength 



light and an auxiliary light controller controlling the opti- 
cal power of auxiliary light based on the change of the 
wavelength arrangement of signal light that is detected 
by the detector, in addition to the optical amplification 
medium, pumping light source, auxiliary light source and 
optical device that are described above. According to 
this configuration, since the optical power of the auxiliary 
light Is controlled based on the wavelength of an added 
or deleted signal, the fluctuations of the output power 
can be further suppressed. 

[0025] The Raman optical amplifier in another aspect 
of the present Invention assumes the use in an optical 
transmission system in which state infonnation indicat- 
ing the state of signal light in multi-wavelength light is 
Informed to an amplification node on a transmission line. 
In this case, the Raman optical amplifier further com- 
prises an auxiliary light controller controlling the optical 
power of auxiliary light based on the state Infonnation, 
in addition to the optical amplification medium, pumping 
light source, auxiliary light source and optical device that 
are described above. According to this configuration, 
the optical power of auxiliary light can be controlled 
based on the wavelength of an added or deleted signal 
without a detector for detecting the wavelength arrange- 
ment of a plurality of segments of signal light included 
in multi-wavelength light. 

Brief Description of the Drawings 

[0026] 

Fig 1 shows the basic configuration of a general 
Raman optical amplifier; 

Figs. 2A and 2B show the output response wave- 
lengths of the Raman optical amplifier; 
Figs. 3A and 3B show the output response wave- 
lengths of the Raman optical amplifier obtained 
when there is inter-signal light Raman amplification; 
Fig, 4 shows the configuration of a Raman optical 
amplifier with a function to dynamically control 
pumping light; ' . 

Fig. 5 shows the configuration of the Raman optical 
amplifier in the embodiment of the present inven- 
tion; 

Figs. 6A and 6B shows the arrangement of signal 
light and auxiliary light; 

Fig. 7 shows a Raman amplifying operation per- 
formed when no auxiliary light is supplied; 
Fig. 8 shows a Raman amplifying operation per- 
formed when auxiliary light is supplied; 
Fig. 9 shows an output characteristic obtained when 
there is inter-signal light Raman amplification; 
Fig. 1 0 shows an example of the auxiliary light con- 
trol circuit shown in Fig. 5; 

Fig. 1 1 shows the changing pattern of auxiliary light; 
Fig. 1 2 shows the configuration of another embod- 
iment of the present invention; 
Figs. 13A through 13C show the states of multl- 
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wavelength light; 

Fig. 14 shows an example of a management table 
managing the setting values of the optical power of 
auxiliary light corresponding to each state of multi- 
wavelength light; 

Fig. 15 shows an example configuration of the aux- 
iliary control circuit shown in Fig. 12; 
Fig. 1 6 shows the configuration of the Raman opti- 
cal amplifier in another embodiment of the present 
invention; and 

Fig. 17 shows the configuration of a transmission 
system using the Raman optical amplifier shown in 
Fig. 16. 

Description of the Preferred Embodiments 

[0027]. The embodiments of the present invention are 
described below with reference to the drawings. 
[0028] Fig. 5 shows Ihe configuration of the Raman 

/ optical amplifier in the embodiment of the present inven- 

tion. The Raman optical amplifier amplifies light within 
a frequency area located a prescribed frequency away 
from the frequency of supplied pumping light. Specifi- 
cally, the Raman optical amplifier can collectively ampli- 
fy a plurality of segments of light within a prescribed 
wavelength range. The Raman optical amplifier of the 
embodiment collectiveiy amplifies multi-wavelength 
light in which a plurality of segments of signal light with 
a different wavelength each are multiplexed. 
[0029] In Fig. 5. the Raman amplification fiber 1 , the 
pumping light source (LD) 2, the WDM coupler 3, the 
optical coupler 4 and the photo receiving device (PD) 5 
are already described in Figs. 1 and 4. The Raman am- 
plification fiber 1 can be realized, for example, by a gen- 
eral transmission fiber or a dispersion compensation fib- 
er, and Is used as an optical amplification medium. The 
pumping light source 2 can be realized by a single laser 
diode generating pumping light with a prescribed wave- 
length. Alternatively, it can be realized by a plurality of 

( laser diodes generating a plurality of pieces of pumping 

light with a different wavelength each. Furthermore, al- 
though in the embodiment shown in Fig. 5, the optical 
power of pumping light to be generated by the pumping 
light source 2 is fixed, the present invention does not 
negate a configuration In which the optical power of 
pumping light Is dynamically controlled (for example, 
feedback control). 

[0030] An optical coupler 11 splits part of input light 
and guides it to a photo receiving device (PD) 12. Here, 
this input light is multi -wave length light in which a plu- 
rality of segments of signal light with a different wave- 
length each are multiplexed. The photo receiving device 
12, which can be a photo-diode or the like, generates 
electric signals indicating the optical power of the multi- 
wavelength light split by the optical coupler 1 1 . Here, the 
splitting ratio ofthe optical coupler 11 is fixed. Therefore, 
the total optical power of multi-wavelength light to be 
inputted can be detected by monitoring the signal from 



the photo receiving device 12. 

[0031] An auxiliary light source 13, which can be re- 
alized by a laser diode or the like, generates auxiliary 
light with a prescribed wavelength. It Js preferable for 

5 the wavelength of this auxiliary light to be shorter than 
the center wavelength (or weighted average wave- 
length) of a plurality of segments of signal light. In this 
case, as shown in Fig. 6A, forthe wavelength of the aux- 
iliary light, a shorter wavelength than that of any seg- 

10 ment of signal light can be used. Alternatively, as shown 
in Fig. 6B, a wavelength in the wavelength area for sig- 
nal light can be used for it. If such a wavelength is used, 
auxiliary light can work as pumping light for the signal 
light. Alternatively, the wavelength of auxiliary light can 

IS be the same as that of pumping light generated by the 
pumping light source 2. It is preferable for the relative 
intensity noise (RIN) of auxiliary light to be a value such 
that It does not affect the noise characteristic of multi- 
wavelength light oulputted from this Raman optical am- 

20 plifier. Specifically, it is preferable forthe RIN to be, for 
example, -ISOdB/Hz or less. 

[0032] An auxiliary light control circuit 1 4 monitors the 
optical power of input multi -wave length light, based on 
the electric signal outputted from the receiving optical 

25 device 12. The auxiliary light control circuit 14 controls 
the optical power of the auxiliary light, based on the input 
power of the multi-wavelength light. Specifically, the 
auxiliary light control circuit 14 change the optical power 
of the auxiliary light with a prescribed response time, 

30 based on the variation in input power of the multi-wave- 
length light. In this case, the optical power of the auxil- 
iary light is controlled by, for example, a driving current 
used to drive the auxiliary light source 13. The configu- 
ration and operation of the auxiliary light control circuit 

35 14 is described in detail later. 

[0033] A WDM coupler 15 guides multi-wavelength 
light to the Raman amplification fiber 1 and also guides 
the auxiliary light generated by the auxiliary light source 
' 13 to the Raman amplification fiber 1 . Specifically, the 

40 WDM coupler 1 5 multiplexes the multi-wavelength light 
and the auxiliary light and guide them. Therefore, the 
auxiliary light is supplied to the Raman amplification fib- 
er 1 to be propagated In the same direction as the multi« 
wavelength light. 

45 [0034] An' input unit including the optical coupler 1 1 , 
the photo receiving device 12, the auxiliary light source 
13, the auxiliary light control circuit 14 and the WDM 
coupler and an output unit including the pumping light 
source 2, the WDM coupler 3, the optical coupler 4 and 

50 the photo receiving device 5 may be located closely 
each other or may be located far away each other 
[0035] In this Raman optical amplifier, the Raman am- 
plification fiber 1 Is pumped by the pumping light, and 
the input multi-wavelength light (a plurality of segments 

55 of signal light) is amplified in the Raman amplification 
fiber 1 . In addition, the auxiliary light is supplied to the 
Raman amplifk:atlon fiber 1 . Here, the optical power of 
the auxiliary light is adjusted by the auxiliary light control 
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circuit 14 according to the variation of the input power 
of the multi-wavelength light. Specifically, when the In- 
put power of the multi-wavelength light changes due to 
the addition or deletion of a channel In the multi-wave- 
length light, the optical power, of the auxiliary light Is ad- 5 ' 
justed so that the output power of the other channels 
may not change. Therefore, in the Raman optical am- 
plifier of the embodiment, even if the input power of mul- 
ti-wavelength light changes due to the addition or dele- 
tion of a channel, the fluctuations of the output power io 
for each of the other channels can be suppressed to a 
low level. 

[0036] Next, the relationship between auxiliary light 
and the Raman amplifying operation is described. 
[0037] Fig. 7 shows the Raman amplifying operation 15 
performed when no auxiliary light is supplied. In this 
case, it Is assumed that a backward pumping type Ra- 
man optical amplifier is used in a gain-saturated area. 
It is also assumed that the optical power of pumping light 
that is generated by the pumping light source 2 is con- 20 
stant. It is also assumed that a prescribed segment of 
signal light in the plurality of segments of signal light is 
added or deleted, while the m u It i- wavelength light in-~ 
eluding the plurality of segments of signal light with a 
different wavelength each is amplified. In the following 25 
description, signal light to be added/deleted is called an 
"ON/OFF channel", and the other channels are called 
"remaining channels". 

[0038] in the example shown in Fig. 7, the input/output 
power of the ON/OFF channel and the average output 30 
power per channel of the remaining channels are drawn. 
Although before time T2 and after time T5, the output 
power of the ON/OFF channel and that of the remaining 
channels become almost the same, In this drawing, they 
are separately drawn for easy distinction. 35 
[0039] If at time T1, the input of the ON/OFF channel 
is deleted, at time T2 (after a prescribed time has 
elapsed), the output of the ON/OFF channel is also de- 
leted. Here, a time period from when the input of the ON/ 
OFF channel is deleted until the output of the ON/OFF 40 
channel is deleted (that Is to say, between time T1 and 
time T2) corresponds to the signal propagation time of 
the Raman amplification fiber 1 . This propagation time 
depends on the length of the Raman amplification fiber 

1. 45 

[0040] Between time T2 and time T3, the output pow- 
er of the remaining channels gradually continues to in- 
crease. Then, after time T3, the output power of the re- 
maining channels becomes stable. Here, a time period 
from when the output power of the remaining channels so 
starts to increase until it becomes steady (that Is to say, 
between time T2 and time T3) depends on (for example, 
is proportional to) the signal propagation time of the Ra- 
man amplification fiber 1 . 

[0041] Furthennore, if at time T4, the ON/OFF chan- 55 
nel is added, then at time T5. the signal light of the ON/ 
OFF channel Is outputted. AftertimeTS, the output pow- 
er of the remaining channels gradually continues to de- 



crease and after a prescribed time has elapsed, it re- 
turns to the state before time T2. In this case, this pre- 
scribed time also depends on (for example, is propor- 
tional to) the signal propagation time of the Raman am- 
plification fiber 1. 

[0042] As described above, if the ON/OFF channel is 

added /deleted while no auxiliary light Is supplied, the 
output power of the remaining channels fluctuates. Spe- 
cifically, when the input power of multi-wavelength light 
decreases due to the stop or deletion of the ON/OFF 
channel, the saturation level of the Raman amplification 
fiber 1 becomes low and the gain increases. According- 
ly, the output power per channel of the remaining chan- 
nels increases. Conversely, when the input power of 
multi-wavelength light increases due to the start or ad- 
dition of the ON/OFF channel, the saturation level of the 
Raman amplification fiber 1 becomes high and the gain 
decreases. Accordingly, the output power per channel 
of the remaining channels decreases. 

[0043] Therefore, in the Raman optical amplifier of the ^ 
embodiment, in order to suppress such fluctuations of 
the remaining channels, auxiliary light is supplied to the 
Raman amplification fiber 1 and the optical power of the 
auxiliary light is controlled based on the change of the 
input power of multi-wavelength light. 
[0044] Fig. 8 shows the Raman amplifying operation 
performed when auxiliary light is supplied. In this exam- 
ple, the input of an ON/OFF channel is deleted at time 
T1 and the ON/OFF channel is added at time T4, which 
is the same as the example shown in Fig. 7. 
[0045] In this case, if the input of an ON/OFF channel 
Is deleted at time T1 , the optical power of auxiliary light 
is controlled in such a way as to gradually continue to 
decrease with a prescribed response time. Specifically, 
the optical power of the auxiliary light gradually contin- 
ues to decrease between time Til and time T12. By 
changing the optical power of the auxiliary light in this 
way, the fluctuations in output power of the remaining 
channels is suppressed. That is to say, even if the ON/ 
OFF channel is deleted, the fluctuations in output power ( 
of the remaining channels is suppressed to a low level. 
[0046] Similarly, if the ON/OFF channel is added at 
time T4, the optical power of the auxiliary light is con- 
trolled in such a way as to gradually continue to increase 
with a prescribed response time. Specifically, the optical 
power of the auxiliary light gradually continues to In- 
crease between lime T13 and time T14. By changing 
the optical power of the auxiliary light in this way, the 
fluctuations in output power of the remaining channels 
is suppressed. That is to say, even if the ON/OFF chan- 
nel is added, the fluctuations in output power of the re- 
maining channels is suppressed to a low level. 
[0047] The changing pattern (the amount of change 
and response time) of the auxiliary light for the addition/ 
deletion of the ON/OFF channel is determined in such 
a way that the fluctuations in output power of the remain - 
ing channels may be minimized. Here, this changing 
pattern is determined by a simulation test or a practical 
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test. Specifically, the response time is determined, for 
ejomple. according to one of tlie following rules. 

(1) The response time is set to a value proportional 

to the length of the Raman amplification fiber 1 . s 

(2) The response time is set to a value proportional 
to (for example, twice as long as) the signal propa- 
gation time of the Raman amplification fiber 1 . 

(3) The response time is set to a value equivalent 

to time period required for the remaining channels io 
to change from a certain steady state to another 
steady state when the ON/OFF channel is added/ 
deleted in an environment where no auxiliary light 
is supplied. 

(4) The response time is set to a value such that i5 
compensates for the fluctuations of the saturation 
level in the Raman amplification fiber 1 due to the 
addition/deletion of the ON/OFF channel 

(5) The response lime is set to a value such that 
compensates for the change of the gain in the Ra- 
man amplification fiber 1 due to the addition/dele- 
tion of the ON/OFF channel. 

[0048] As described above, if appropriately controlled 
auxiliary light is supplied, the fluctuations in output pow- 25 
er of the remaining channels can be suppressed to a 
low level even if an ON/OFF channel is added/deleted 
in a gain-saturated state. Specifically, when the number 
of wavelengths of multi-wavelength light decreases due 
to the deletion or stop of an ON/OFF channel, the satu- 30 
ration level of the Raman amplification fiber 1 can be 
maintained constant by gradually continuing to de- 
crease the optical power of auxiliary light that works as 
pumping light. When the number of wavelengths of mul- 
ti-wavelength light increases due to the addition of an 35 
ON/OFF channel, the saturation level of the Raman am- 
plification fiber 1 can be maintained constant by gradu- 
ally continuing to increase the optical power of auxiliary 
light that works as pumping light. As a result, even if the 
number of channels of multi-wavelength light changes, 40 
the gain is always maintained constant since the satu- 
ration level is always maintained constant. Accordingly, 
the output power per channel of the remaining channels 
is also maintained almost constant. 

[0049] In Figs. 7 and 8, the cases where an ON/OFF 45 
channel Is added and deleted in a gain-saturated state, 
are shown, respectively. However, If Raman amplifica- 
tion occurs between signal lights, similarly, the output 
power of the remaining channels fluctuates due to the 
addition/deletion of the ON/OFF channel. so 
[0050] Fig. 9 shows the output characteristic of a Ra- 
man optical amplifier operated when Raman amplifica- 
tion occurs between signal lights. In the following de- 
scription, the phenomenon that Raman amplifbation oc- 
curs between signal lights refers to "Inter-signal light Ra- 55 
man amplification". Here, "inter-signal light Raman am- 
plification" is a phenomenon in which signal light with a 
shorter wavelength of multi-wavelength light amplifies 



other signal light with a longer wavelength. 
[0051] In Fig. 9, if an ON/OFF channel is deleted or 
the ON/OFF channel stops at time T1 while no auxiliary 
light is supplied, an (instantaneously) rapid change oc- 
curs in the output power of the remaining channels after 
time period of Tp has elapsed from that timing, and then 
the optical power converges with a response time that 
is approximately twice as long as the time period of Tp. 
Similarly, if the ON/OFF channel is added at time T2, a 
rapid change occurs in the optica) power of the remain- 
ing channels after time period of Tp has elapsed, and 
then the optical power converges with a response time 
of approximately twice as long as the time period of Tp. 
In other words, if no auxiliary light is supplied, the output 
power of the remaining channels greatly fluctuates. 
[0052] The auxiliary light described above is also ef- 
fective in suppressing such fluctuations in output power 
In the remaining channels. Specifically, when an ON/ 
OFF channel is deleted, the optical power of the auxil- 
iary light is controlled in such a way as to continue to 
increase with a response time that is approximately 
twice as long as the time period of Tp. When the ON/ 
OFF channel is added, the optical power of the auxiliary 
light is controlled in such a way as to continue to de- 
crease with a response time that is approximately twice 
as long as the time period of Tp. As a result, even if the 
ON/OFF channel Is added/deleted while there is inter- 
signal light Raman amplification, the output power of the 
remaining channels hardly fluctuates and the occur- 
rence of a rapid change can also be suppressed. 
[0053] It Is because the auxiliary light is adjusted by 
feed forward control that the output power of the remain- 
ing channels can be suppressed by using the auxiliary 
light. That is to say, if the auxiliary light is supplied back- 
ward to the Raman amplification fiber. 1 and is adjusted 
by feedback control, the optical power of the auxiliary 
light is adjusted after the change in output power of the 
remaining channels has been detected. Therefore, the 
control cannot catch up with the fluctuations of the out- 
put power of the remaining channels. However, in feed 
forward control, auxiliary light is controlled in such a way 
that the saturation state or gain of the Raman amplifica- 
tion fiber 1 is maintained constant before the output 
power of the remaining channels changes. Therefore, 
the fluctuations In output power of the remaining chan- 
nels is suppressed. 

[0054] Fig. 1 0 shows an example of the auxiliary light 
control circuit 14 shown in Fig. 5. An operational ampli- 
fier 21 amplifies a signal outputted from the photo re- 
ceiving device (PD) 12. Here, the signal outputted from 
the photo receiving device 12 indicates the optical pow- 
er of multi-wavelength light inputted into the Raman op- 
tical amplifier. An A/D converter 22 converts the analog 
signal outputted from the operational amplifier 21 into a 
digital signal. An operation unit 23, which can be real- 
ized by a digital signal processor (DSP) or the like, per- 
forms a prescribed operation using the output of the A/ 
D converter 22. and generates a signal to drive ttie aux- 
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lllary light source 13. A D/A converter 24 converts the 
digital signal outputted from the operation unit 23 Into 
an analog signal. An operational amplifier 25 amplifies 
the output of the D/A converter 24, A power transistor 
26 supplies driving current to the auxiliary light source 5 
1 3, based on the output of the operational amplifier 25. 
[0055] In this auxiliary light control circuit 14, the op- 
eration unit 23 determines the changing pattern of the 
optical power of the auxiliary light, based on the varia- 
tions in optical power of input multi-wavelength light. io 
Here, the changing pattern of the optical power of aux- 
iliary light is indicated, for example, by a "response 
time", the "level of the auxiliary light before change" and 
the "level of the auxiliary light after change". 
[0056] In the example shown in Fig. 11 , it is assumed i5 
that when the Input power of multi-wavelength light is at 
the first level and second level, the optical level of aux- 
iliary light is set to the first auxiliary light level and the 
second auxiliary light level, respectively. When the input 
level of the multi-wavelength light changes from the first 20 
level to the second level due to the deletion or stop of a 
certain signal light in the multi-wavelength light, the aux- 
iliary light is controlled in such a way as to change from 
the first auxiliary light level to the second auxiliary light 
level with a prescribed response time. In this case, the 25 
optical power and response time of the auxiliary light are 
deten-nined by the saturation level of gain and the 
amount of tilt of inter-signal Raman amplification. Here, 
the saturation level of gain and the amount of inter-sig- 
nal Raman amplification tilt are determined based on the 30 
Raman parameters of the Raman amplification fiber 1 , 
such as a gain coefficient, an effective cross section, a 
loss coefficient and the like^ and the length of the Raman 
amplification fiber 1 . In any case, the changing pattern 
of the auxiliary light to be used to suppress the f iuctua- 35 
tlons of the output power due to the change of the input 
power can be obtained by a simulation test or the like. 
[0057] Although in the example shown in Fig. 10, the 
Raman optical amplifier is configured In such a way that 
the operation unit 23 operates the changing pattern of 40 
auxiliary light; the present invention is not limited to this 
configuration. Alternatively, the Raman optical amplifier 
can aJso be configured in such a way that pattern infor- 
mation indicating the changing pattern of the auxiliary 
light is stored in advance In a table created In prescribed 
memory area, and when the input power of multi-wave- 
length light changes, the pattern information is extracted 
from the table according to the change of the input pow- 
er and the pattern Information is used. 
[0058] As described above. In the Raman optical am- so 
plifier of the embodiment, backward pumping light is 
supplied to the Raman amplification fiber 1 and auxiliary 
light is supplied as forward pumping tight. When the in- 
put power of multi-wavelength light changes from the 
first Input level to the second input level, the optical pow- ss 
er of the auxiliary light gradually continues to change 
from the first steady state corresponding to the first input 
level to the second steady state corresponding to the 



second input level with a response time that is approx- 
imately twice as long as the propagation time of the Ra- 
man amplification fiber 1 , so that the fluctuations in out- 
put power of each segment of signal light included In the 
multi-wavelength light can be suppressed. In this way, 
even if the input power of multi-wavelength light chang- 
es, the fluctuations in output power of each segment of 
signal light included in the multi-wavelength light can be ■ 
suppressed. 

[0059] Fig. 12 shows the configuration of the Raman 
optical amplifier In another embodiment of the present 
invention. The basic configuration of this Raman optical 
amplifier Is the same as that of the Raman optical am- 
plifier shown in Fig. 5. The Raman optical amplifier 
shown in Fig. 5 is configured in such a way that the op- 
tical power of auxiliary light is controlled based on the 
change of the input power (total optical power) of multi- 
wavelength light. However, in this Raman optical ampli- 
fier, the optical power of auxiliary light is controlled 
based on the wavelength of signal light to be added/de- / 
leted. 

[0060] In Fig. 12, the optical coupler 11 splits part of 
input multi-wavelength light and guides it to an optical 
spectrum analyzer31 . The optical spectrum analyzerSI 
analyzes the spectrum of the multi-wavelength light. 
Specifically, the optical spectrum analyzer 31 detects 
the optical power of each segment of signal light includ- 
ed within the multi-wavelength light. Therefore, which 
channel Is added/deleted can be detected by monitoring 
the output of the optical spectrum analyzer 31 . 
[0061] An auxiliary light control circuit 32 controls the 
optical power of auxiliary light, based on the wavelength 
of an added/deleted channel. Here, the operation of the 
auxiliary light control circuit 32 is basically the same as 
that of the auxiliary light control circuit 14 shown in Fig. 
5. That Is to say, when there is a change In the multi- 
wavelength light, both auxiliary light control circuits 
change the optical power of the auxiliary light with a re- 
sponse time proportional to the signal propagation time 
of the Raman amplification fiber 1 . However, the auxll- ( 
iary light control circuit 32 uses a different optical power 
changing pattern of the auxiliary light depending on the 
wavelength of a signal light to be added/deleted. The 
operations of the auxiliary light control circuit 32 are de- 
scribed below with reference to Figs. 13A through 13C 
and 14. 

[0062] Figs. 13A through 13C show the states of the 
multi -wavelength light. In this example, it is assumed 
that the multi-wavelength light carries eight channels 
with a different wavelength each. Figs. 13A, 13B and 
13Cshow the state where all the channels are used, the 
state where channel 1 is not used and the state where 
channel 4 is not used, respectively. 
[0063] Fig. 1 4 shows an example of the management 
table that manages the respective optical power values 
of auxiliary light corresponding to each state of the multi- 
wavelength light. In Fig. 14, for example, "11111111" and 
"01111111" indicates the state where "all the channels 
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are used" and the state where "channel 1 is not used", 
respectively. The optical power value stored in this table 
is a value which equalizes the output power of each 
channel of multi-wavelength when the auxiliary light is 
supplied and is calculated in advance by a simulation 
test or the like. Altematively, the level of auxiliary light 
can also be calculated by the operating process of the 
control circuit from time to time. 

[0064] When detecting the state of the multi-wave- 
length light based on a signal outputted from the optical 
spectrum analyzer 31 , the auxiliary light control circuit 
32 refers to the table shown in Fig. 14 and determines 
the optical power of the auxiliary light. For example, as 
shown in Fig. 13A, if all the channels are used, the aux- 
iliary light control circuit 32 drives the auxiliary light 
source 13 in such a way that the optical power of the 
auxiliary light becomes "AO" 

[0065] Furthermore, when detecting the change in 
state of the multi-wavelength light based on a signal out- 
putted from the optical spectrum analyzer 31 . the auxil- 
iary light control circuit 32 refers to the table shown in 
Fig. 14 and determines changing pattern of the optical 
power of auxiliary light. For example, if channel 1 stops 
being used in the state shown in Fig. 13A, the auxiliary 
light control circuit 32 drives the auxiliary light source 13 
in such a way as to change the optical power of the aux- 
iliary light from "AO" to "A1 ", Similarly, if channel 4 stops 
being used in the state shown in Fig. 13A, the auxiliary 
light control circuit 32 drives the auxiliary light source 1 3 
in such a way as to change the optical power of the aux- 
iliary light from "AO" to "A4". In this case, both of the re- 
sponse time: required for the optical power of auxiliary 
light to change from "AO" to "A1 and the response time 
requiried for It to change from "AO" to "A4" Is, for exam- 
ple, approximately twice as long as the propagation time 
of the Raman amplification fiber 1 . 
[0066] Fig. 1 5 shows an example of the auxiliary light 
control circuit 32 shown in Fig. 12. The basic configura- 
tion of the auxiliary light control circuit 32 is the same as 
that of the auxiliary light control circuit 14 shown In Fig. 
10. If the output of the optical spectrum analyzer 31 is 
an analog signal, the output signal of the optical spec- 
trum analyzer 31 is supplied to the operation unit 23 
through an A/D converter 22. If the output of the optical 
spectrum analyzer 31 is a serial (digital) signal, the out- 
put signal of the optical spectrum analyzer 31 is directly 
supplied to the operation unit 23. 
[0067] Fig. 16 shows the configuration of the Raman 
optical amplifier in another embodiment of the present 
invention. The basic configuration of this Raman optical 
amplifier is the same as that of the Raman optical am- 
plifier shown in Fig. 12. In this Raman optical amplifier 
too, the optical power of auxiliary light is controlled 
based on the wavelength of signal light to be added/de- 
leted. In the Raman optical amplifier shown in Fig. 12, 
the wavelength of signal light to be added/deleted is de- 
tected by monitoring the state of the m u It i-wave length 
light using an optica! spectrum analyzer. However, this 



Raman optical amplifier receives state Information indi- 
cating the states of a plurality of segments of signal light 
included in multi-wavelength light from outside and con- 
trols the optical power of the auxiliary light using the 
5 state information. This state information is transmitted 
by a supervisory signal, which Is described later. 
[0068] An auxiliary light control circuit 41 receives the 
supervisory signal and controls the optical power of the 
auxiliary light according to the supervisory signal. This 

10 supervisory signal includes infomnation indicating the 
wavelength of a channel to be added/deleted or Infor- 
mation indicating the use/non-use of each channel. For 
example, as shown in Fig. 17, this supervisory signal is 
generated in the temninal station of a transmission sys- 

15 tem, and is notified to each Raman optical amplifier pro- 
vided on the transmission line. This supervisory signal 
is notified to each Raman optical amplifier before a 
channel is actually added/deleted. 
[0069] The auxiliary light control circuit 41 also mon- 

^0 itors the change in input power of the multi -wavelength 
light similar to the auxiliary light control circuit 14 shown 
in Fig. 5. Therefore, the auxiliary light control circuit 41 
can detect a timing when a channel in the multi-wave- 
length light is added/deleted. In this case, the auxiliary 

25 light control circuit 41 has recognized the wavelength of 
an added/deleted channel by the supervisory signal re- 
ceived in advance from the terminal station. Therefore, 
the auxiliary light control circuit 41 can detect the wave- 
length of the added/deleted channel and the added/de- 

30 leted timing without an optical spectrum analyzer. In oth- 
er words, the Raman optical amplifier shown in Fig. 16 
can realize substantially the same operation as that of 
the Raman optical amplifier shown in Fig. 12. 
[0070] In each of the Raman optical amplifiers shown 

35 In Figs. 5, 1 2 and 1 6, it is preferable for auxiliary light to 
be de-polarized. In that case, if continuous waves with 
the same wavelength is generated by a plurality of laser 
light sources and are orthogonally polarization multi- 
plexed, de-polarized auxiliary light is generated. By in- 

40 troducing this configuration, the increase in polarization 
dependence of signal light gain can be suppressed even 
if auxiliary light is used. 

[0071] In a bi-directional pumping type Raman optical 
amplifier, if forward pumping light is controlled using the 

45 auxiliary light control circuit 1 4 shown in Fig. 5, the aux- 
iliary light control circuit 32 shown in Fig. 1 2 or the aux- 
iliary light control circuit 41 shown in Fig. 16, the effect 
of the present invention can be realized without modify- 
ing the configuration of the amplifier. 

50 [0072] According to the present invention, since in a 
backward pumping type Raman optical amplifier, auxil- 
iary light is supplied in the same direction as that of the 
multi-wavelength light to be amplified, and the optical 
power of the auxiliary light is adjusted in accordance 

55 with the change in input power or state of the multi- 
wavelength light, the fiuctuafions of the output level of 
each segment of signal light included in the multi-wave- 
length can be suppressed, even if the number of wave- 
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lengths of the multi-wavelength light changes. 



Claims 

1. A Raman optical amplifier that amplifies multi- 
wavelength light, comprising: 

an optical amplification medium (1) into which 
the multi-wavelength light is inputted; 
a pumping light source (2) supplying pumping 
light to said optical amplification medium (1 ); 
an auxiliary light source (13) generating auxil- 
iary light with a wavelength shorter than a cent- 
er wavelength of the multi-wavelength light; 
an optical device (15) guiding the auxiliary light 
to said optical amplification medium (1) In the 
same direction as that of the multi-wavelength 
light; and 

an auxiliary light controller (14) controlling the 
optical power of the auxiliary light based on the 
input power of the multi-wavelength light. 



2. 



5. 



6. 



The Raman optical amplifier according to claim 1, 
wherein 

the wavelength of the auxiliary light is the 
same as that of the pumping light. 

The Raman optical amplifier according 'to claim 1, 
wherein 

the pumping light is guided to said optical am- 
plification medium (1) in the opposite direction as 
that of the multi-wavelength light. 

The Raman optical amplifier according to claim 1 , 
wherein 

said auxiliary light controller (1 4) changes the 
optical power of the auxiliary light with a prescribed 
response time based on the change in input power 
of the multi- wavelength light. 

The Raman optical amplifier according to claim 1 , 
wherein 

when the input power of the multi-wavelength 
light changes, said auxiliary light controller (14) 
changes the optical power of the auxiliary light 
based on the change of the multi-wavelength light 
in such a way as to suppress the fluctuations in out- 
put power of the multi-wavelength light outputted 
from said optical amplification medium (1). 

The Raman optical amplifier according to claim 1 , 
wherein 

if the input power of the multi-wavelength light 
changes from a first input level to a second input 
level, said auxiliary light controller (1 4) changes the 
optical power of the auxiliary light from a first steady 
staite corresponding to the first input level to a sec- 
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ond steady state corresponding to the second input 
level with a response time determined by the prop- 
agation time of the multi-wavelength light or the 
pumping light in said optical amplification medium 
(1). 

The Raman optical amplifier according to claim 6, 
wherein 

the response time is proportional to the prop- 
agation time of the multi-wavelength light or the 
pumping light in said optical amplification medium 
(1). 

The Raman optical amplifier according to claim 1 , 
wherein 

if the input power of the multi-wavelength light 
changes from a first input level to a second Input 
level, said auxiliary light controller (14) changes the 
optical power of the auxiliary light from a first steady 
state corresponding to the first input level to a sec- 
ond steady state corresponding to the second input 
level with a response time determined by the length 
of said optical amplification medium (1). 

The Raman optical amplifier according claim 4, 
wherein 

the change in input power of the multi-wave- 
length light is due to the change in the number of 
wavelengths of the multi-wavelength light. 

10. The Raman optical amplifier according to claim 1 , 
wherein 

if the input power of the multi-wavelength light 
changes, said auxiliary light controller (14) changes 
the optical power of the auxiliary ligint taking an in- 
fluence by stimulated Raman scattering between a 
plurality of segments of signal light included in the 
multi-wavelength light into consideration. 



40 11. The Raman optical amplifier according to claim 1 , ( 
wherein 

said auxiliary light controller (1) further com- 
prises: 



25 9. 



30 



35 



45 



50 



55 



a storage unit storing pattern infomnation indi- 
cating the changing panern of the optical power 
of the auxiliary light using information indicating 
the change in input power of the multi-wave- 
length light as a retrieval key; and 
a drive control unit extracting corresponding 
pattern information from said storage unit 
based on the detected change in input power 
of the multi-wavelength light, and driving said 
auxiliary light source (1 3) based on the pattern 
information. 

12. A Raman optical amplifier that amplifies multi- 
wavelength light, comprising: 
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13. 



an opticRl ampMficatron medium (1 ) into which 
the multi-wavelength light is inputted; 
a pumping light source (2) supplying pumping 
light to said optical amplification medium (1); 
an auxiliary light source (13) generating auxil- 
iary light with a wavelength shorter than a cent- 
er wavelength of the multi-wavelength light; 
an optical device (15) guiding the auxiliary light 
to said optical amplification medium (1) in the 
same direction as that of the multi-wavelength 
light; 

a detector (31) detecting the wavelength ar- 
rangement of a plurality of segments of signal 
light included in the multl- wave length light; and 
an auxiliary light controller (32) controlling the 
optical power of the auxiliary light based on the 
change of the wavelength arrangement of the 
plurality of segments of signal light detected by 
said detector (31). 

A Raman optical amplifier that amplifies the multi- 
wavelength light in an optical transmission system 
in which state information indicating the state of sig- 
nal light in the multi-wavelength light is infomned to 
an amplification node on a transmission line, com- 
prising: 
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auxiliary light. 

17. A Raman optical amplifier that amplifies multi- 
wavelength light, comprising: 

an optical amplification medium (1) into which 
the multi-wavelength light is inputted; 
a forward pumping light source (13) supplying 
forward pumping light to said optical amplifica- 
tion medium (1); 

a backward pumping light source (2) supplying 
backward pumping light to said optical amplifi- 
cation medium (1); and 
a controller (1 4) controlling the optical power of 
the forward pumping light based on the input 
power of the multi-wavelength light. 



an optical amplification medium (1) into which 
the multi-wavelength light is inputted; 
a pumping light source (2) supplying pumping 
light to said optical amplification medium (1); 
an auxiliary light source (13) generating auxil- 
iary light with a wavelength shorter than a cent- 
er wavelength of the multi-wavelength light; 
an optical device (15) guiding the auxiliary light 
to said optical amplification medium (1) in the 
same direction as that of the mutti-wavelength 
light; and 

an auxiliary light controller (41) controlling the 
optical power of the auxiliaiy light based on the 
state information. 
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14. The Raman optical amplifier according to claim 1, 
wherein 

the relative intensity noise of the auxiliary light 
is set to an amount such that the noise characteris- 
tic of the multi-wavelength light outputted from said 
optical amplification medium (1) may not be affect- 
ed. 

15. The Raman optical amplifier according to claim 14, 
wherein 

the relative intensity noise of the auxiliary light 
is -130dB/Hz or less. 

16. The Raman optical amplifier according to claim 1, 
further comprising 

de-polarization means for de-polarizing the 
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